An evaluation method with attributes' weights and attributes' values being pure linguistic values is put forward in this paper. The final result is obtained through calculating the linguistic values directly. Based on this method, a weights optimization model and a corresponding algorithm are advanced and applied to evaluate the final result for the technical examination of vehicles in accident, which show the proposed method to be feasible and effective.
Introduction
Due to fuzziness and uncertainty of the things to be evaluated, the evaluation information in linguistic form is usually given, which results in more concern over the evaluation theory based on linguistic value [1] - [9] . In the current studies, the evaluation theory based on linguistic value can be classified into the following three categories: the first one is based on extension principle [9] ; the second one makes direct computations on labels [10] ; the last one represents the linguistic information with a pair of values called 2-tuple, composed by a linguistic term and a number [8] . Also we can classify these methods of evaluation by the form of attributes weight and attributes evaluation values: the first one is the method with the attributes' weights being certain real numbers and the attribute values being linguistic values, which converts the linguistic value to the real number and calculates the geometric average according to the certain weights [11] - [14] ; the second one is the method with the attributes' weights totally being uncertain and the attribute values being linguistic values, which doesn't consider the attributes' weights when aggregating the information, so the method serves well when the attributes' weights can not be easily gotten, but it may lead to wrong evaluation because the uncertain weights can not show us how important the attributes are [15] - [17] ; The last one is the method with the attributes' weight and attributes values all being linguistic values [8] [12]- [27] , which can be fuzzy linguistic method or pure linguistic method. For instance, the OWA employed in reference [19] belongs to the former, and the method adopted in reference [28] serves as an example of the latter, which in fact, still calculates the label of the linguistic values to get the final result. More importantly, Yang Xu presents a general method for sensory evaluation of industrial products with uncertain information [29] . In fact, all the methods are not actually linguistic values. They get the final results by calculating the real numbers while showing the final result in linguistic values.
Method with attributes' weight and attributes' values being pure linguistic values is introduced in the section 2 of this paper, which gets the final result through calculating the linguistic values directly. Also, a weights optimization model and a corresponding algorithm are given in section 3. Lastly, this method is applied to evaluate the final result for the technical examination of vehicles in accident, which proves feasible. 
Linguistic values and its operators

The weights optimization model and the corresponding algorithm
Generally, the weight for each attribute is given by evaluators, which is subjective. So how to get the right weights is discussed by researchers, and some objective methods for weights setting are advanced, such as the principal component analysis method, the Entropic method, the multi-objective maximum distance method, and the method based on rough set theory. But these methods are all based on the weights being real number, and there is no study based on the weights being linguistic values. Thus an linguistic weights optimization model and the corresponding algorithm are presented as follows:
The discrepancy of results
To show the difference between the results given by evaluators and the result calculated based on the method, the discrepancy of results is defined as follows: Definition 2 Suppose S s i ∈ is the evaluation result given by the evaluator in historical cases, and S s j ∈ is the result calculated based on the method, the function for discrepancy of results is
. So the discrepancy of results is expressed in real number, and its value reflects the discrepancy between the results given by evaluators and the result calculated based on the method.
We can get the discrepancy of results from evaluators. Taking the technical examination of vehicles as an example, the discrepancy of results is showed in the following 
Solving the model with Genetic Algorithm
We For example, "41233" is a gene coded for linguistic weights in the technical examination of vehicles, which represents the linguistic weight "Very high", "Low", "Medium", "High" and "High" respectively.
(2) The scale M of the initial group As the starting point for the Genetic Algorithm, the initial group should be with a proper scale M . The bigger the scale M is, the wider the range of searching, and the longer the time taken for regeneration. On the contrary, the smaller the scale M is, the narrower the range of searching and the shorter the time taken for regeneration. Generally scale M is set to be more than 50 and less than 100. In this paper, it is set to be 80, and the initial group of gene is generated randomly.
(3) The Crossover Probability c p As a main method to generate the new genes for the Genetic Algorithm, the Crossover operator should be set a proper Crossover Probability c p . In this paper we choose the single point crossover operator, and The Crossover Probability c p is set to be 0.60.
(4) The Mutation Probability m p
Mutation is another method to generate the new genes in Genetic Algorithm, which leads to the variety of species. The bigger the Mutation Probability m p is, the bigger the possibility for generating the new genes is. But the good genes will be destroyed when the Mutation Probability m p is too big, which may let the performance of Genetic Algorithm act as random. In this paper, we set the Mutation Probability m p to be 0.005.
(5) The total number of generations T In this paper, the total number of generations T is set to be 700.
Illustrative example
In the technical examination of vehicles, the set of linguistic values for the result of each examination item can be defined as We set a weights optimization model, and λ is set to be 0.5, the discrepancy between subjective weights and optimization weights are defined in table 4. 
Conclusions
A multi-attribute evaluation method is put forward in this paper, in which the attributes' weights and the attributes' values are all expressed in the form of linguistic values. Based on this form the final result can be aggregated by the LIA, which was also defined in this paper. To get the objective linguistic weights, a linguistic weights optimization model, with the minimum total discrepancy as its target, is advanced. The Genetic Algorithm is applied to solve this model, so we get the final optimizes linguistics weights. Taking the examination of energy supply device as the example, 20 cases with the evaluation records of evaluators are applied in the model to get the optimization linguistic weights, and after aggregating another 20 cases, it turns out that the optimization linguistic weights is effective
The fact shows it is feasible to make multiattribute evaluation with linguistic values. However, the problems such as what is the most proper form of linguistic values to represent the attributes' weights and attributes' values, and what is the most effective linguistic aggregation operation, need to be further studied. In this paper, we define the operation rules according to the evaluators' subjective experience, and we express the discrepancy with some numeric values, which need to be studied as well.
From table 5 we know that the optimization weights method is better than the subjective weights method because it's more accurate.
